To provide morphological parameters of the normal tibial plateau by using three-dimensional (3D) CT and conventional radiography.
Introduction
Total knee arthroplasty (TKA) is widely used in the advanced stages of knee osteoarthritis, which could bring a pain-free knee to those who suffered. It is reported that rebuilding the native shape of the knee in TKA played an important role in clinical outcomes. [1, 2] Morphometry of normal tibial plateau has been studied by many researchers. [3] [4] [5] [6] [7] [8] They carried on measurements on plain radiographs and two-dimensional computed tomography (2D-CT) scan, and provided the basis for designing the tibial component. Recently, many disadvantages of measurements on plain radiographs and 2D-CT scan had been reported. Measurements on plain radiographs could by affect by foot rotation, [9] and medial and lateral tibial plateau are superimposed in lateral radiographs. [10] [11] [12] 2D-CT is more sensitive than radiography, but the selection of the observation plane for 2D-CT is still influenced by the position of the knee and the reconstruction interval. [13] [14] [15] High intraclass correlation coefficients (ICC) were found in measurements on three-dimensional computed tomography (3D-CT), [16, 17] which means 3D-CT could be used for a clear consensus of the measurements. However, to date, no study has reported whether there is a difference between radiographs and 3D-CT for measurement of normal tibial plateau.
The purposes of this study were to take anthropometric measurements of tibial plateau on 3D-CT; to assess difference in using radiographs and 3D-CT measuring methods; and to evaluate the reproducibility among the measurement techniques.
Methods

Subjects
From November 2013 to February 2015, 185 participants were retrospectively involved in the study. We exclude the participants with evidence of fracture, knee osteoarthritis (OA), or postoperative tibial plateau, which were confirmed by radiological examination. Finally, a total of 157 tibial plateau from 157 participants (87 males, 71 females; mean age: 47.5 years; range: 28-70 years) were included. Ethical approval was obtained from the Committee of the Medical Ethics of the hospital. All participants provided their written informed consent in this study.
as follows: section thickness, 0.625 mm; tube voltage, 120 kVp; pitch, 1.375; matrix, 512 Â 512. ALL data were saved as DICOM 3.0 format (.dcm), which then imported into a workstation (SuperImage orthopedics edition 1.1, Cybermed Ltd, Shanghai, China). [18] Then tibial plateau and other bones of the knee were reconstructed into a 3D bone model by surface shaded display (SSD), and different colors were assigned to the different bones (Fig. 1A) . After hiding femur and patella, the tibial plateau was extracted solely (Fig. 1B) .
Measuring procedures and parameters
The landmarks we used in measurements on radiographic and 3D-CT were previously described by Rasmussen [19] and Hashemi et al, [11] including: Tibial anatomic axis (TAA): TAA was determined by line passing through the 2 point (points X and Y), which were the midpoint of distal tibial shaft (Fig. 1C) , the lateral most point of the tibial plateau (point A), the medial most point of the tibial plateau (point B), the posterior-most point of the lateral tibial condyle (point C), the posterior-most point of the medial tibial condyle (point D) (Fig. 1D) .
After assessing and defining the above landmarks, 3D-CT measurement and radiographic measurement were as follows:
The mediolateral (ML) dimension: in the 3D-CT, it was the dimension of the line AB ( Fig. 2A) . In the radiographs, it was the dimension of the line joining the peak point of the medial and lateral tibial plateau (Fig. 2D) .
The anteroposterior (AP) dimension tibial plateau: in the 3D-CT, it was the dimension of the line AP, which was drawn perpendicular to the line ML and passed through the midpoint of it. MAP/LAP was the line drawn parallel to the line AP, which passed through point D/point C ( Fig. 2A) . In the radiographs, AP was the dimension of the line tangent to the articular surface of the plateau (Fig. 2D) .
The coronal tibial slope (CTS): in the 3D-CT, it was the intersection of line AB and TAA (Fig. 2B ). In the radiographs, it was measured by the intersection of the long axis of the tibial shaft and a line passing the peak lateral most and medial most point of the plateau (Fig. 2E) .
The tibial plateau posterior slope (PS): in the 3D-CT, MTPS/ lateral tibial posterior slope (LTPS) was the intersection of line MAP/LAP and TAA. The intersection of line MAM/LALBB and TAA (Fig. 2C ). In the radiographs, PS was measured by the intersection of the long axis of the tibial shaft and a line tangent to the articular surface of the plateau (Fig. 2F ).
Intraclass correlation coefficient
ICC was used to assess intra-and interobserver reliability of each measurement technique. 50 randomly selected subjects were chosen to repeat the measurements by the main observer with 2-week interval to test the intraobserver reliability. The second observer repeated the measurements for 50 randomly selected knees to test the inter-observer reliability. The ICC was set at a desired lower limit of 0.8 and a 95% confidence interval (CI) of 0.2.
Statistical analysis
Statistical analysis was performed by using SPSS software 16.0 (SPSS, Chicago, IL). ICC was evaluated using the 2-way random effects model assuming a single measurement and absolute agreement. An ICC of 1 was characterized as perfect. The data were summarized as mean and standard deviation. The independent t-test was used to compare differences between genders. Paired t-test was used to determine the significance of differences in 2 measurement techniques. All differences were considered significant when P < .05. Table 1 summarized measurements of tibial plateau over all subjects and also within the 2 gender groups separately. The average ML, AP, MAP, and LAP in the male group were significantly greater than those in the female group (P < .05 for each).
Result
However, there was no significant gender difference in CTS, MTPS, and LTPS. (P > .05 for each) ( Table 1) .
There were significant differences in all parameters between 3D-CT measurements and radiographic measurements (P < .05) ( Table 2) .
In intra-and interobserver reliability of 3D-CT measurements, ICC values of every parameter were >0.8, which means excellent agreement. ICC value of 3D-CT measurement in every parameter was higher than that of radiographs (Fig. 3) .
Discussion
TKA is considered as a precise surgical procedure to rebuild the native shape of the knee. Fully understanding about the morphometry of normal tibial plateau is helpful for the choice of implant's size, placement, and component design. Measurements based on 3D-CT had been proved more reproducible than plain radiography in many studies. [17, 20, 21] Qiang et al [21] revealed that when measuring distal tibiofibular syndesmosis, the reliability of 3D-CT measurement (ICC range,0.907 to 0.972) was greater than radiographs (ICC range 0.742-0.838). Similar results were obtained in our study. The intra-and interobserver reproducibility of 3D-CT measurements in tibial plateau were more excellent. ML and AP dimension were the commonly assessed parameters in TKA. A good match in ML and AP between tibial component and resected tibial surface would lead to good stress distribution and stability, which was a key factor for long-term good results. [22, 23] Yang et al [6] revealed that MAP dimension was larger than LAP dimension, which were consistent with the findings of this study. Although the potential advantages of asymmetric tibial component were reported by many researchers [22, 24] , manufacturers paid less attention to it and still offered symmetric tibial components. As symmetric components are still used clinically, discrepancy between MAP and LAP dimensions would result in mismatch. For a given ML dimension, if LAP dimension of component was perfectly fit for the tibial, the component would undersize in MAP direction. Subsidence was more common to see with an undersized component. [25] However, if MAP dimension of component was chosen to fit the tibia, the component would overhang in LAP direction. An overhanging component would result in soft tissue irritation and pain. [2, 26] Therefore, a well-matched component would avoid aforementioned complications.
Coronal tibial slope was reported as a determining factor during operation to predict the postoperative standing femorotibial angle. [27] Hashemi et al [11] measured normal tibia and revealed that coronal tibial slopes 98% of the subjects were positive or zero. In the present study, we had similar findings, which means that in a majority of subjects the lateral tibial plateau has a superior edge than the medial. The original coronal tibial slope of the patient would be reproduced during TKA if surgeon placed the tibial component at the specific slope. Furthermore, understanding coronal tibial slope differences among subjects could help design a more accurate implant that restore the biomechanics of the normal knee.
The tibial plateau posterior slope is considered important in anteroposterior stability and knee kinematics. [28, 29] Furthermore, published literature reported an increased PTS could lead to an increased incidence of anterior cruciate ligament rupture. [30] A 3°t o 7°PTS in the proximal tibial osteotomy is recommended in TKA. Tsukeoka et al [31] found a large PTS such as 7°or 10°might contribute to a tremendous change in the alignment of the tibia in TKA. An excessive posterior slope when cutting the tibia would lead to flexion instability while a smaller or even anterior slope would cause decreased knee flexion. [28, 32] It is known that the radiation exposure of CT is higher compared to that of conventional radiography. However, in our opinion, the improved accuracy may justify the added radiation dose. A postoperative CT is considered the standard for assessment of reduction. [33] According to our data, 3D-CT could improve measurement accuracy. Besides, several techniques, [34] protocol modifications, [35] the latest generation of CT machines could markedly lower radiation doses. [36] [37] [38] Other imaging modalities such as ultrasound or MR imaging could also serve as an important tool to assess the anatomy and the injuries of the knee. Ultrasound is a reliable noninvasive method to assess the pathologic condition of the knee joint, such as injuries of the tendons, ligaments and muscles, osteoarthritis, and osteochondral defects. [39] MR imaging has the advantage in demonstrating the extent and nature of fractures and assessing the soft tissue injury such as meniscal and anterior cruciate ligament tears. [40, 41] The present study had several limitations. First, our study was lack of comparison with measurements from cadavers. Therefore, value differences between 2 measurement techniques and cadaver measurements were not clear. Second, subjects in this study were healthy, rather than those with arthritic knees. Although the osteoarthritic knee had been deformed and had different dimensions from normal knee, our aim was to offer a clinical reference to help surgeon to rebuild the normal shape for those deformed knees.
Conclusions
This study confirmed that 3D morphological measurements of tibial plateau have more reproducibility than radiographs. In this population, males have a large ML, AP, MAP, and LAP 3D-CT = three-dimensional computed tomography, AP = anteroposterior dimension, CTS = coronal tibial slope, LAP = lateral anteroposterior dimension, LTPS = lateral tibial posterior slope, MAP = media anteroposterior dimension, ML = mediolateral dimension, MTPS = medial tibial posterior slope, PS = posterior slope, SD = standard deviation. * Statistically significant (P < .05). Table 2 Comparison of parameters in different image modalities. 
